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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a heat transport 
device used for cooling electronics equipment, for 

T 

example . 

2. Description of the Background Art 

To meet the requirements for reliability, lightweight 
design and low acoustic noise performance, a heat pipe 
having no moving parts unlike pumps has conventionally 
been used as a heat transport device for cooling 
electronics equipment, for example. It has however become 
difficult in recent years to cool electronic and other 
types of equipment by using heat pipes as a result of a 
rapid increase in the amount of heat radiated from the 
equipment. 

In addition, as it is fairly difficult to control the 



temperature with a heat pipe # there has been a pending 
need for a heat transport device which allows easy . 
temperature control. 

Under these circumstances, new heat transport devices 
have recently been developed taking into consideration low 
acoustic noise performance and good temperature 
controllability. 

One of such conventional heat transport devices is 
disclosed in Japanese Laid-open Patent Publication No. H7- 
286788, in which a pair of flat headers are interconnected 
by small-diameter tubes and a liquid is sealed inside the 
heat transport device, leaving a gas phase portion at one 
end of a fluid channel. The fluid channel is formed of 
fins provided inside the headers, and a capillary tube 
equipped with a heating unit, such as an electric heater, 
is connected to a particular part of one header. In this 
heat transport device, a power source supplies a voltage 
of a pulse-shaped waveform to the heating unit to heat the 
liquid inside the capillary tube in a steplike fashion, 
eventually causing the liquid to bump. This produces the 
effect of a so-called bubble lift pump like the one shown 
in FIG. 1 appended to the aforementioned Japanese Laid- 
open Patent Publication No . H7-286788 , in which the liquid 
is driven by a rapid pressure increase as a result of 
evaporation at one end of the fluid channel, while 



volumetric changes are absorbed by the gas phase portion 
at the other end of the fluid channel. 

The aforementioned conventional heat transport device 
has a problem that its heat transportation and heat 
radiating capacities are low. This is because the 
conventional heat transport device is of a type which 
dissipates heat by driving the liquid as a result of a 
small-scale oscillation of the liquid within a capillary 
tube by means of a bubble lift pump. 

Although the liquid used as a working fluid should 
preferably have properties suited to a bubble lift pump as 
well as good heat transfer and flow characteristics, it 
has so far been extremely difficult to satisfy all these 
requirements. In other words, there has been a problem 
that it is difficult to increase the amplitude of 
oscillation and reduce the period of oscillation of the 
working fluid for improving the performance of the bubble 
lift pump and to improve the heat transfer and flow 
characteristics of the working fluid. 

SUMMARY OF THE INVENTION 

The present invention is intended to overcome the 
aforementioned problems of the prior art. Accordingly, it 
is an object of the invention to provide a heat transport 
device featuring low acoustic noise performance and 
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improved temperature controllability as well as high heat 
transportation and heat radiating capacities. It is 
another object of the invention to provide a heat 
transport device capable of offering improved performance 
as a bubble lift pump. It is a further object of the 
invention to provide a heat transport device using a 
working fluid having improved heat transfer and flow 
characteristics . 

According to the invention, a heat transport device 
includes a container having a hollow structure in which a 
fluid channel is formed, at least one each thermal- 
receiver- type heat exchanger and thermal-radiator- type 
heat exchanger arranged on an outer wall of the container 
along the fluid channel, and driving, heat exchangers 
provided at both terminal portions of the container. In 
this heat transport device, both ends of the fluid channel 
are closed to prevent intrusion of external air, and a 
liquid and gas are sealed in the fluid channel. The 
driving heat exchangers cause the liquid to oscillate in 
the container along its fluid channel . 

Since the driving heat exchangers provided at both 
terminal portions of the container cause the liquid to 
oscillate along the fluid channel, the heat transport 
device offers low, acoustic noise performance and improved 
temperature controllability as well as an enhanced heat 
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transport efficiency. 

These and other objects, features and advantages of 
the invention will become more apparent upon reading the 
following detailed description along with the accompanying 
drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A-1B are sectional diagrams showing the 
construction of a heat transport device according to a 
first embodiment of the invention ; 

FIG. 2 is a sectional diagram showing the construction 
of a heat transport device according to a third embodiment 
of the invention; 

FIGS. 3A-3B are sectional diagrams showing the 
construction of a heat transport device according to a 
fourth embodiment of the invention; 

FIGS. 4A-4B are sectional diagrams showing the 

i 

construction of a heat transport device according to a 
fifth embodiment of the invention; 

FIG. 5 is a sectional diagram showing the construction 
of a heat transport device according to a sixth embodiment 
of the invention; 

FIG. 6 is a sectional diagram showing the construction 

■ * 

of a heat transport device according to a variation of the 
sixth embodiment of the invention; 
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FIG. 7 is a sectional diagram showing the construction 
of a heat transport device according to another variation 
of the sixth embodiment of the invention; 

FIG. 8 is a sectional diagram showing the construction 
of a heat transport device according to still another 
variation of the sixth embodiment of the invention; , 

FIG. 9 is a sectional diagram showing the construction 
of a heat transport device according to a seventh 
embodiment of the invention; 

FIGS. 10A-10B are sectional diagrams showing the 
construction of a heat transport device according to a 
variation of the seventh embodiment of the invention; 

FIG. 11 is a sectional diagram showing the 

i * 

; 

construction of a heat transport device according to an 
eighth embodiment of the invention; 

FIGS. 12A-12B are sectional diagrams showing the 
construction of a heat transport device according to a 
variation of the eighth embodiment of the invention; 

FIGS. 13A-13D are fragmentary sectional diagrams v 
showing the construction of a heat transport device 
according to a ninth embodiment of the invention; 

FIGS. 14A-14B are fragmentary sectional diagrams 
showing the construction of a heat transport device 
according to a tenth embodiment of the invention; 

FIGS. 15A-15B are fragmentary sectional diagrams 
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showing the construction of a heat transport device 
according to an eleventh embodiment of the invention; 

FIG. 16 is a sectional diagram showing the 
construction of a heat transport device according to a 
twelfth embodiment of the invention; 

r 

FIG. 17 is a sectional diagram showing the 
construction of a heat transport device according to a 
variation of the twelfth embodiment of the invention; 

FIG. 18 is a sectional diagram showing the 
construction of a heat transport device according to a 
thirteenth embodiment of the invention; 

FIG. 19 is a sectional diagram showing the 
construction of a heat transport device according to a 
fourteenth embodiment of the invention; 

FIG. 20 is a sectional diagram showing the 
construction of a heat transport device according to a 
variation of the fourteenth embodiment of the invention; 

FIGS. 21A-21B are sectional diagrams showing the 
construction of a heat transport device according to 
another variation of the fourteenth embodiment of the 
invention; 

FIG. 22 is a sectional diagram showing the 
construction of a heat transport device according to still 
another variation of the fourteenth embodiment of the 
invention; 
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FIGS. 23A-23B are sectional diagrams showing the 
construction of a heat transport device according to a 
fifteenth embodiment of the invention; 

FIGS. 24A-24B are sectional diagrams showing the 
construction of a heat transport device according to a 
variation of the fifteenth embodiment of the invention; 

FIG. 25 is a sectional diagram showing the 
construction of a heat transport device according to a 
sixteenth embodiment of the invention; 

FIG. 26 is a diagram showing a heat control method of 
the heat transport device of FIG. 25; 

1 * 

FIGS. 27A-27B are sectional diagrams showing the 
construction of a heat transport device according to a 
seventeenth embodiment of the invention; 

< 
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FIGS. 28A-28B are sectional diagrams showing an 
semiconductor apparatus employing the heat transport 
device according to the seventeenth embodiment; 

FIGS. 29A-29B are diagrams showing the construction of 

* - * 

a semiconductor device used in the semiconductor apparatus 
of FIGS. 28A-28B; 

FIG. 30 is a sectional diagram showing the 
construction of a heat transport device according to an 
eighteenth embodiment of the invention; 

FIGS. 31A-31C are enlarged fragmentary sectional views 
of the heat transport device of FIG. 30; 



FIG. 3 2 is a perspective diagram showing the 
construction of an artificial satellite equipped with a 
phased array antenna incorporating a heat transport device 
according to a nineteenth embodiment of the invention, and 

FIGS. 33A-33B are sectional diagrams showing the 
internal construction of the phased array antenna of FIG. 
32. 

i 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

* 

Specific embodiments of the invention are now 

if- * 

described with reference to the appended drawings. 

FIRST EMBODIMENT 
FIGS. 1A-1B are sectional diagrams showing the 
construction of a heat transport device according to a 
first embodiment of the invention, in which the numeral 1 

♦ 

designates a container. The container 1 is not 
particularly limited in its physical size. It may be 
formed of a microtube, for example, in which case, the 
invention can be applied to a microst.ructure such as a 
semiconductor apparatus. 

As shown in FIGS. 1A-1B, appropriate quantities of a 
liquid 5 and a gas 6 are sealed in the container 1 and one 
each or more thermal-receiver- type heat exchangers 2 and 
thermal-radiator- type heat exchangers 3 are alternately 
arranged side by side on an outer wall of the container 1 
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along its length, with driving heat exchangers 4 provided 
at both terminal portions of the container 1. 

The interior of the container 1 forms a fluid channel 
in which the liquid 5 and the gas 6 move. The thermal - 
receiver- type heat exchangers 2 are heat generating 
portions of an electronic apparatus or a semiconductor 
device, or heat radiating portions thereof for releasing 
heat of the heat generating portions, for example. The 
thermal-radiator- type heat exchangers 3 are heat receiving 
portions of external heat transport means or its heat 
radiating walls which release heat by natural or forced 
convection, heat conduction or radiation. The thermal- 
radiator- type heat exchangers 3 may be formed of portions 
of the container 1 exposed directly to the exterior (e.g., 
surrounding atmosphere, water or outer space) such that 
heat is directly dissipated by natural or fprced 
convection or radiation. In this case, fins or the like 
may be fitted to the exposed portions of the surface of 
the container 1 . 

The driving heat exchangers 4 may be heat exchangers 
like electric heaters which are provided at both terminal 
portions of the container 1 and can be heated periodically 
or such a heat source as sunlight of which amount of input 
heat varies with time. In a case where the heat transport 
device is installed on an apparatus like an artificial 
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satellite orbiting the earth, for example, the heat 
transport device is cyclically heated and cooled at 
particular intervals. More specifically, a surface of the 
heat transport device upon which sunlight is incident is 
heated, while the opposite surface is cooled. Regularly 
recurring heating and cooling cycles of this kind may be 
used as the driving heat exchangers 4. 

The liquid 5 may be a liquid of a single substance, 
such as distilled water, ethyl alcohol or ammonia, or a 

■ 

mixture of two or more such single-substance liquids. In 
any case, the liquid 5 is a liquid which can undergo phase 
changes, that is, a working fluid in which liquid phase 
and vapor phase coexist. The gas 6 is a vapor of the 
liquid 5 , although the gas 6 may contain a small amount of 
gas other than the vapor of the liquid 5 . 

In the heat transport device constructed as shown in 
FIGS. 1A-1B, portions of the liquid 5 in the container 1 
close to the thermal -receiver- type heat exchangers 2 
receive heat and become warmer, producing high- temperature 
liquid masses, whereas portions of the liquid 5 in the 
container 1 close to the thermal-radiator- type heat 
exchangers 3 release heat and become cooler, producing 
low- temperature liquid masses. Let us assume that the 
left-hand driving heat exchanger 4 is heated, or once 
heated and then cooled, as shown in FIG. 1A, and after a 

i 
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specific period of time has passed, the right-hand driving 
heat exchanger 4 is heated, or once heated and then 
cooled, as shown in FIG. IB, where the duration to 
complete this alternate heating sequence is referred to as 
one cycle or period. If the two terminal portions of the 
container 1 are alternately heated by the respective 
driving heat exchangers 4 in this fashion, vapor develops 
due to boiling, builds up due to continued boiling or 
evaporation, and shrinks due to condensation at the left 
and right ends of the interior of the container 1 with a 
time delay equal to a half -cycle duration, causing the 
high- temperature and low- temperature liquid masses formed 
in a middle part of the container 1 to move left and right 
as if in an oscillating motion. As a result of this 
oscillating motion, the high- temperature liquid masses 
move to the locations of the individual thermal-radiator- 
type heat exchangers 3 , where heat of the high- temperature 
liquid masses is released, producing low- temperature 
liquid masses. On the other hand, the low- temperature 
liquid masses move to the locations of the individual 
thermal-receiver-type heat exchangers 2, where the liquid 
masses receive heat and turn into high- temperature liquid 
masses. 

As discussed above, the heat transport device of the 
present embodiment is constructed in such a manner that 

* 
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the left and right ends of the container 1 are alternately 
heated at regular intervals by the driving heat exchangers 
4 provided at both terminal portions of the container 1. 
As a result, the liquid 5 is caused to periodically 
oscillate left and right to and from the locations of the 
thermal t receiver - type heat exchangers 2 and the thermal- 
radiator- type heat exchangers 3, whereby the heat 
transport device works as a bubble lift pump featuring 
improved performance characteristics. Since heat is 
transported from the thermal-receiver- type heat exchangers 
2. to the thermal -radiator- type heat exchangers 3 in this 
fashion, it is possible to easily increase the amplitude 
of oscillation and reduce the period of oscillation of the 
liquid 5 by varying the amount of heat input and the 
interval of heating cycles. This makes it possible to 
improve heat transport efficiency and control the 
temperature of the liquid 5 at the locations of the 
individual thermal-receiver-type heat exchangers 2. 

Since the heat transport device of this embodiment has 
no moving parts unlike a pump, it provides enhanced 
durability and reliability and can be made compact and 
lightweight . 

Furthermore, unlike a heat pipe which utilizes 
gravity, the heat transport device of the embodiment does 
not use gravity and is not easily affected by the effect 

r 
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of gravity due to its construction. Therefore, the heat 
transport device can be used in the microgravity or zero- 

s 

gravity environment of space as well as under high- gravity 
conditions. 

SECOND EMBODIMENT 

In the heat transport device of FIGS. 1A-1B, it is 
preferable that the internal volume VI of a portion of the 
container 1 where each driving heat exchanger 4 is 
provided be equal to or larger than the internal volume V2 
of that portion of the container 1 which is bounded by the 
center of each thermal-receiver- type heat exchanger 2 and 
the center of its adjacent thermal-radiator- type heat 
exchanger 3. It is also preferable that the total volume 
V3 of the liquid 5 be approximately equal to a value 
obtained by subtracting the volume VI from the total 
internal volume V of the container 1 . 

If the heat transport device is designed such that the 
internal volumes VI, V2 and the volume V3 satisfy the 
relationships V1^V2 and V3 « V - VI, the liquid 5 can be 
caused to oscillate with a large amplitude. When a larger 
oscillation of the liquid 5 is produced in this fashion, 
masses of the liquid 5 move between multiple pairs of the 
thermal -receiver- type heat exchangers 2 and the thermal- 
radiator- type heat exchangers 3, so that heat is 
transported from the thermal-receiver- type heat exchangers 
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2 to the thermal-radiator- type heat exchangers 3 with a 
higher efficiency. 

THIRD EMBODIMENT 
FIG. 2 is a sectional diagram showing the construction 
of a heat transport device according to a third embodiment 
of the invention, in which elements identical or similar 
to those depicted in FIGS. 1A-1B are designated by the 
same reference numerals. What is characteristic of the 
third embodiment is that it employs a combination of a 
low-boiling liquid 7 and a high-boiling liquid 8 which do 
not mix and remain separated from each other. 

j 

The low-boiling liquid 7 should be a liquid which 
shows a large volumetric change with a small amount of 
heat input. For example, a liquid having a small amount 
of latent heat and a large difference in density between 
the liquid and vapor phases is sealed in both terminal 
portions of a container 1 where the liquid is held in 
contact with driving heat exchangers 4 . On the other 
hand, the high-boiling liquid 8 should be a liquid which 
has a higher boiling point than the low-boiling liquid 7, 
high fluidity and good heat transportation performance. 
For example, a liquid having a small viscosity 
coefficient, a large heat capacity and a high thermal 
conductivity is sealed between masses of the low-boiling 
liquid 7 at both terminal portions of the container^ 1 . 
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Specifically, Fluorinert (which is a trademark of a 
product of Sumitomo 3M Ltd. expressed by the chemical 
formula C6F14) or Freon HFC134a may be used as the low- 
boiling liquid 7 while water which does not mix with the 
low-boiling liquid 7 may be used as the high-boiling 
liquid 8, for example. 

By using the combination of the low-boiling liquid 7L' 
and the high-boiling liquid 8 separated from each other, 
it is possible to produce a large oscillation of the high- 
boiling liquid 8 with a small amount of energy consumption 
by the driving heat exchangers 4 (resulting in a high 
coefficient of performance) and reduce the period of 
oscillation. 1 

Even if the amount of heat input through the thermal - 
receiver- type heat exchangers 2 is large and the 
temperature of liquid masses close to the thermal - 
receiver- type heat exchangers 2 increases , vapor develops , 

builds up and condenses in a stable manner at the 

■ 

locations of the driving heat exchangers 4 /because the 
low-boiling liquid 7 is present at both terminal portions 
of the container 1. Consequently, it is possible to cause 
the high-boiling liquid 8 to oscillate and transport heat 
in a stable manner. Accordingly, the present embodiment 
helps increase the amount of maximum transportable heat . 

FOURTH EMBODIMENT 



While the invention has been described with reference 
to the examples in which the container 1 has a uniform 
thickness from one end to the other in the foregoing 
embodiments, the invention is not limited to this 
construction. FIGS. 3A-3B show a heat transport device 
according to a fourth embodiment of the invention, in 
which elements identical or similar to those depicted in 
FIGS. 1A-1B are designated by the same reference numerals 
and their description is omitted here. In this 
embodiment, there are provided liquid reservoirs la, lb at 

i 

both ends of a container 1 as shown in FIG. 3A. The 
liquid reservoirs la, lb at both terminal portions of the 
container 1 have a larger cross section than the other 
portion (central portion) of the container 1 so that the 
total volume of a liquid 5 sealed in the container 1 is 
larger than that sealed in the containers 1 of the 
foregoing embodiments . 

As shown in FIG. 3B which is an enlarged cross section 
taken along a line A- A of FIG. 3A, the two liquid 
reservoirs la, lb have the same rectangular shape, each 
forming four internal corners 38 in cross section. Since 
the liquid 5 is held along these corners 38 due to a 
capillary action, there are formed liquid fillets 5a along 
the internal corners 38 inside the liquid reservoirs la, 
lb. 



In the heat transport device of the fourth embodiment 
constructed as described above, the liquid 5 acts in a 
manner similar to the foregoing embodiments. Since the 
container 1 of this embodiment has the liquid reservoirs 
la, lb, however, it is possible to increase the total 
volume of the liquid 5 and thereby increase the length of 

r 
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travel of the liquid 5 caused by its oscillating motion. 
In addition, because the container 1 has the rectangular- 
shaped liquid reservoirs la, lb having the internal 
corners 38, there are formed 'the liquid fillets 5a along 
the internal corners 38. 

According to this construction, it is not necessary 
for driving heat exchangers 4 to heat the entirety of the 
liquid 5 in the liquid reservoirs la, lb to cause phase 
changes therein. Rather, the driving heat exchangers 4 
can convert (or evaporate) the liquid 5 into a gas 6 by 
heating only the liquid fillets 5a, so that the embodiment 
allows effective use of heat generated by the driving heat 
exchangers 4. Furthermore, because the liquid 5 held in 
the liquid reservoirs la, lb is continuously supplied to 
the liquid fillets 5a, it is possible to increase the 
amount of evaporation (gas 6) according to the amount of 
heat input from the driving heat exchangers 4. 

Although the liquid reservoirs la, lb are rectangular 
shaped in cross section in the fourth embodiment described 



above, the shape of the liquid reservoirs la, lb is not 
limited thereto. The liquid reservoirs la, lb may be of 
any desired shape (e.g., triangle, polygon, or sector 
form) as long as one or more corners are formed in cross 
section. Liquid fillets are formed along such corners and 
it is needless to say that they exert the same 
advantageous effect as mentioned above. 

FIFTH EMBODIMENT 

While the invention has been described with reference 
to the examples in which the driving heat exchangers 4 are 
formed by heating units and both heating and cooling 
cycles of the heat transport device are performed by 
heating operation of the driving heat exchangers 4 in the 
foregoing embodiments, the invention is not limited to 
this construction. In one alternative, the heat transport 
device may be provided with cooling units serving as 
additional driving heat exchangers. Described below is an 
example provided with such driving heat exchangers serving 
as cooling units in addition to the driving heat 
exchangers serving as heating units. 

FIGS. 4A-4B are sectional diagrams showing the 
construction of a heat transport device according to a 
fifth embodiment of the invention, in which FIG. 4B is an 
enlarged cross section taken along a line A-A of FIG. 4A. 
In these Figures, elements identical or similar to those 
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depicted in the foregoing embodiments are designated by 
the same reference numerals and their description is 
omitted here. The heat transport device of this 
embodiment is provided with cooling units 40 serving as 
driving heat exchangers in addition to driving heat 
exchangers 4 serving as heating units at both ends of a 
container 1 . 

Operation of the heat transport device of the fifth 
embodiment constructed as shown in FIGS. 4A-4B is now 
described. While a liquid reservoir la at one end of the 
container 1 is heated by the driving heat exchanger 4 for 
a particular period of time, the cooling unit 40 provided 
at the same liquid reservoir la is not operated (or does 
not cool the liquid reservoir la). During this time 
period, the driving heat exchanger 4 provided at the other 
end of the container 1 is not operated (or does not heat 
the liquid reservoir lb) and the cooling unit 40 at the 
same end of the container 1 is operated to cool the liquid 
reservoir lb. As a result, a gas 6 is produced in one 
liquid reservoir la increasing its internal pressure, 
whereas the gas 6 is forcibly cooled and thereby caused to 
condense in the other liquid reservoir lb decreasing its 
internal pressure. - 

Consequently, the difference in pressure between the 
liquid reservoir la and the liquid reservoir lb increases, 
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producing a flow of a liquid 5 from the liquid reservoir 
la toward the liquid reservoir lb instantaneously. Then, 
after a specific period of time, the liquid reservoir lb 
is heated by the driving heat exchanger 4 for a particular 
period of time.. During this time period, the cooling unit 
40 provided at the liquid reservoir lb is not operated (or 
does not cool the liquid reservoir lb), whereas the 
driving heat exchanger 4 provided at the liquid reservoir 
la is not operated to heat it and the cooling unit 40 
provided at the liquid reservoir la is operated to cool , 
it. 

As a result, the gas 6 is produced in the liquid 
reservoir lb increasing its internal pressure, whereas the 
gas 6 is forcibly cooled and thereby caused to condense in 
the liquid reservoir la decreasing its internal pressure. 
Consequently, the difference in pressure between the 
liquid reservoir la and the liquid reservoir lb increases , 
producing a flow of a liquid 5 from the liquid reservoir 
lb toward the liquid reservoir la instantaneously. These 
alternate heating and cooling cycles repetitively occur to 
produce oscillation of the liquid 5 in flow directions 
along the length of the container 1. 

The heat transport device of the fifth embodiment thu 
constructed includes the cooling units 40 serving as the 
driving heat exchangers for forcibly cooling the liquid 



reservoirs la, lb. Since this construction makes it 
possible to produce oscillating flows of the liquid 5 
within the container 1 in a shorter period of time, an 
increased liquid flow velocity is achieved, enabling heat 
transfer from thermal-receiver- type heat exchangers 2 to 
thermal-radiator-type heat exchangers 3 at an increased 
rate. Accordingly, an important advantage of this 
embodiment is that it increases the capacity of heat 

s 

transfer from the thermal-receiver- type heat exchangers 2 
to the thermal-radiator- type heat exchangers 3. 

While the fifth embodiment shows an example in which 
the cooling units 40 are provided on surfaces of the 
liquid reservoirs la, lb opposite to their surfaces on 
which the driving heat exchangers 4 are provided, the 
invention is not limited to this arrangement- Needless to 
say, the same advantageous effect is obtained no matter on 
which surfaces of the container 1 the cooling units 40 are 
provided as long as they are positioned at locations where 
a vapor phase of the liquid 5 is produced. 

While other specific embodiments discussed below are 
provided with, or unprovided with, cooling units serving 
as driving heat exchangers, those embodiments may either 
employ, or not employ, the cooling units depending on 
installation site or space limitations, for instance. 

SIXTH EMBODIMENT 
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FIGS. 5-8 are sectional diagrams showing the 
construction of a heat transport device according to a 
sixth embodiment of the invention and variations thereof, 
in which elements identical or similar to those depicted 
in the foregoing embodiments are designated by the same 
reference numerals. The sixth embodiment employs a double 
pipe structure having outer pipes connected to the 
container 1 as shown in FIGS. 5 and 6, a double pipe 
structure in which both terminal portions of the container 
1 are folded back as shown in FIG. 7, or a double pipe 
structure in which both terminal portions of the container 
1 are connected to separate vessels as shown in FIG. 8. 

According to the sixth embodiment as depicted in FIGS. 
5, 7 and 8 # heat is exchanged between a liquid 5 and a gas 
6 through an outer wall of the container 1 when the liquid 

■ 

5 has returned to either of the terminal portions of the 
container 1 where driving heat exchangers 4 are provided. 
The gas 6 is cooled and condensed, causing a drop in 
internal pressure and producing a great liquid driving 
pressure. With the double pipe structures of FIGS. 5, 7 
and 8, it is possible to cause the liquid 5 to oscillate 
at shorter recurring cycles and transport heat from 
thermal-receiver- type heat exchangers 2 to thermal- 
radiator- type heat exchangers 3 with a higher efficiency. 
The heat transport device in one variation of the 
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sixth embodiment shown in FIG . 6 is provided with liquid 
reservoirs la, lb at both ends of the container 1. Inner 
tubes lc ( Id are fitted in the liquid reservoirs la, lb, 
respectively, forming a double pipe structure inside the 
liquid reservoirs la, lb. Since the inner tubes lc. Id 
are fitted in the liquid reservoirs la, lb in this 

■ 

fashion, both ends of the container 1 are located inside 
the liquid reservoirs la, lb. Driving heat exchangers 4 
and cooling units 40 are provided where both ends of the 

container 1 are located. 

\ 

According to the construction of FIG. 6, heat is 
exchanged between the liquid 5 and the gas 6 through the 
wall of the inner tube lc when the liquid 5 has returned 
to the liquid reservoir la, for instance, whereby the gas 
6 is cooled and condensed, causing a drop in internal 
pressure of the liquid reservoir la. This produces a 
great liquid driving pressure and causes the liquid 5 to 
flow at a higher velocity. When the liquid 5 has returned 
to the liquid reservoir lb, on the other hand, heat is 
exchanged between the liquid 5 and the gas 6 through the 
wall of the inner tube Id, whereby the gas 6 is cooled and 
condensed, causing a drop in internal pressure of the 
liquid reservoir lb. This produces a great liquid driving 
pressure and causes the liquid 5 to flow in an opposite 
direction at a higher velocity. 
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Since the liquid 5 can be caused to oscillate at 
shorter recurring cycles in this manner, the embodiment 
provides an advantage that heat can be transported from 
the thermal-receiver- type heat exchangers 2 to the 
thermal-radiator- type heat exchangers 3 with an increased 
efficiency. 

SEVENTH EMBODIMENT 
FIGS. 9 and 10A-10B are sectional diagrams showing the 
construction of a heat transport device according to a 
seventh embodiment of the invention and a variation, 
thereof, in which elements identical or similar to those 
depicted in the foregoing embodiments are designated by 
the same reference numerals . The construction of this 
embodiment is characterized in that grooves or porous 
elements 9 formed of a porous material serving as pores 
which produce a capillary action are provided inside both 
terminal portions of the container 1 where driving heat 
exchangers 4 are provided, or narrow grooves 41 are formed 
at both terminal portions of the container 1 where the 
driving heat exchangers 4 are provided. 

i 

In the heat transport device of FIG. 9 provided with 
the porous elements 9 at the terminal portions of the 
container 1 where the driving heat exchangers 4 are 
provided, it is possible to supplement the amount of the 
liquid 5 consumed by evaporation or boiling with the aid 

> 

-25- 



of the capillary action. Furthermore, since inside wall 
surfaces of the container 1 at its terminal portions can 

easily retain the liquid 5, they become less likely to dry 

> 

out. It is therefore possible to use high heat flux heat 
exchangers as the driving heat exchangers 4 . 

Furthermore, the porous elements 9 serve to release 
the gas 6 by evaporating the liquid 5 and thereby maintain 
a driving force for moving the liquid 5 for an extended 
period of time, making it possible to increase the 

i 

distance of oscillation-assisted movement of the liquid 5. 

In addition, pores (or grooves) in the porous elements 
9 act just like nuclei for producing the gas (vapor 
bubbles) 6, so that the gas 6 can easily develop and, as a 
consequence, it becomes possible to reduce the period of 
oscillation of the liquid 5. 

The heat transport device in one variation of the 
seventh embodiment shown in FIGS. 10A-10B is provided with 
liquid reservoirs la, lb at both ends of the container 1. 
The aforementioned narrow grooves 41 serving as pores 
which produce a capillary action are formed in inside wall 
surfaces of the liquid reservoirs la, lb along their axial 
direction. The liquid reservoirs la, lb are heated by 
respective driving heat exchangers 4 and cooled by 
respective cooling units 40 in a manner similar to the 
foregoing embodiments. The liquid 5 seeps from the liquid 
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reservoirs la # lb into the grooves 41 due to the capillary 
action. In this construction, the driving heat exchangers 
4 heat and the cooling units 40 cool not only liquid 
fillets 5a formed along internal corners 38 of the liquid 
reservoirs la, lb but also liquid masses held in the 
grooves 41, so that heating and cooling can be performed 
over broader areas of the liquid reservoirs la, lb. 

In the construction of FIGS. 10A-10B, both the amount 
of heat of evaporation per unit time and the rate of 
pressure rise increase so that the internal pressure of 
the liquid reservoirs la, lb rises and drops more 
instantaneously. Accordingly, this construction offers 
such advantageous effects that the oscillating frequency 
of the liquid 5 in the container 1 and the amount of 
transported heat are increased. 

Also, the construction of FIGS. 10A-10B is 
advantageous in that the liquid masses held in the grooves 
41 easily evaporate when heated by the driving heat 
exchangers 4 even if the container 1 is not rectangular- 
shaped but circle-shaped in cross section having no 
internal corners 38. Furthermore, although the heat 
transport device of FIGS. 10A-10B employs the grooves 41 
to allow the liquid 5 to seep along the inside wall 
surfaces of the liquid reservoirs la, lb, alternative 
means may be adopted instead of these grooves 41. For 
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example, a mesh structure, sintered metal or porous 
ceramic material which allows the liquid 5 to seep along 
the wall surfaces of the liquid reservoirs la, lb may be 
used to achieve the same advantageous effects as the 
grooves 41. 

EIGHTH EMBODIMENT 
FIG, 11 is a sectional diagram showing the 
construction of a heat transport device according to an 
eighth embodiment of the invention, in which elements 
identical or similar to those depicted in FIGS. 1A-1B are 
designated by the same reference numerals. The 
construction of this embodiment is characterized in that 
there are provided turbulence accelerators 10 in the 
container 1 at its portions where the thermal-receiver- 
type heat exchangers 2 and the thermal-radiator- type heat 
exchangers 3 are provided. 

Located at the portions of the container 1 where the 
thermal-receiver-type heat exchangers 2 and the thermal- 
radiator- type heat exchangers 3 are provided, the 
turbulence accelerators 10 produce turbulences in the 
liquid 5 as it oscillates left and right,; This 
construction makes it possible to considerably enhance the 
heat transfer performance of the heat transport device 
without causing a substantial increase in pressure loss 
within a fluid channel in the whole container 1. 
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The construction of the heat transport device of FIG. 
11 may be modified by replacing the turbulence 
accelerators 10 with microchannel chips 11 as shown in 
FIGS. 12A-12B, of which FIG. 12B is a sectional view of 
the microchannel chip 11 taken along lines A-A of FIG. 
12A. The microchannel chip 11 is formed of multiple 
straight fins, pin fins, a porous material or foam metal, 
and has a number of narrow flow paths. This variation of 
the embodiment offers the same advantageous effect as the 
construction of FIG. 11. 

NINTH EMBODIMENT 

FIGS. 13A-13D are fragmentary sectional diagrams 
showing the construction of a heat transport device 
according to a ninth embodiment of the invention, in which 
elements identical or similar to those depicted in the 
foregoing embodiments are designated by the same reference 
numerals. In this embodiment, a hole 13 is formed in an 
inside wall surface 12 of the container 1 and a plug- like 
insert 14 is fitted in the hole; 13 in such a fashion that 
a hollow space is formed at the bottom of the hole 13 as 
shown, in FIG. 13A. 

According to the construction of this embodiment, the 
gas 6 is formed at the bottom of the hole 13 in a stable 
fashion, so that a vapor bubble 15 easily develops from 
between the inside wall surface 12 and the insert 14. 
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Since the space between the insert 14 and the bottom of 
the hole 13 serves as a nucleus for bubble formation and 
the vapor bubble 15 produced therefrom stirs up the liquid 
5 adjacent to the inside wall surface 12, heat transfer 
efficiency is increased close to the inside wall surface 
12. In addition, it is possible to controllably select 
the position wherei the vapor bubble 15 is produced by 
providing the hole 13 and the insert 14 at a desired 
location. 

r - 

Preferably, one or more grooves should be formed alon 
a side surface of the insert 14 to connect the hollow 

space at the bottom of the hole 13 to the liquid 5 lying 

i 

in contact with the inside wall surface 12 as illustrated 
in FIGS. 13B-13D. 

The heat transfer efficiency can be further improved 

) ' 

by forming more than one such hole 13 fitted with the 
insert 14 in the inside wall surface 12. 

i 

TENTH EMBODIMENT 

V 

FIGS. 14A-14B are fragmentary sectional diagrams 
showing the construction of a heat transport device 
according to a tenth embodiment of the invention, FIG. 14B 
being an enlarged view of a portion A shown in FIG. 14A. 
In these Figures, elements identical or similar to those 
depicted in the foregoing embodiments are designated by 
the same reference numerals. The construction of this 
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embodiment is characterized in that there is formed a 
cavity 16 in a bottom surface of the insert 14 itself as 
shown in FIG. 14A. 

As depicted in FIG. 14B, angle 0 formed by surfaces of 
the hole 13 and the insert 14 increases when the cavity 16 
is formed in the bottom surface of the insert 14. An 
advantage of this structure is that the gas 6 can stay in 
the hollow space bounded by the bottom of the hole 13 and 

i 

the cavity 16 in a more stable fashion and a vapor bubble 
15 can develop more easily. 

ELEVENTH EMBODIMENT 

/ 

y 

FIGS. 15A-15B are sectional diagrams showing the 
construction of a heat transport device according to an 
eleventh embodiment of the invention, FIG^15B being an 
enlarged view of a portion A shown iri FIG. ISA. In these 
Figures, elements identical or similar to those depicted 
in the foregoing embodiments are designated by the same 

■ 

reference numerals. In this embodiment, a hole 13 fitted 
with an insert 14 having the same structure as that of the 
ninth or tenth embodiment is provided at least at one 
terminal portion of the inside wall surface 12 of the 
container 1 where the driving heat exchanger 4 is 

■ « 

provided . 

i 

1J In this embodiment, a vapor bubble 15 develops more 
easily from the inside wall surface 12 of the container 1 
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at its terminal portion where the driving heat exchanger 4 
is provided, making it possible to reduce the period of 
oscillation of the liquid 5 . 

Since the hole 13 fitted with the insert 14 is 
provided at the terminal portion of the container 1, the 
vapor bubble 15 develops from that portion of the 
container 1. This makes it possible to increase the 
distance of movement of the liquid 5 and further enhance 
the heat transfer performance of the heat transport 
device . 

If a cavity 16 is formed in a bottom surface of the 
insert 14, the gas 6 can stay at the bottom of the hole 13 
in a more stable fashion and the vapor bubble 15 can 
develop more easily. 

TWELFTH EMBODIMENT 
FIGS. 16-17 are sectional diagrams showing the 
construction of a heat transport device according to a 
twelfth embodiment of the invention and a variation 
thereof, in which elements identical or similar to those 
depicted in the foregoing embodiments are designated by 
the same reference numerals. The twelfth embodiment is 
characterized in that it employs a meandering pipe 17 
instead of the container 1 of the foregoing embodiments . 

By using the meandering pipe 17 in any of the 
foregoing embodiments, heat can be easily carried away 
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from randomly located heat sources. 

. If a thermal-receiver- type heat exchanger 2 and a 
thermal -radiator- type heat exchanger 3 are flat -shaped as 
shown in FIG. 17, the overall surface area of heat 
exchange increases, offering a higher efficiency of heat 
exchange . 

THIRTEENTH EMBODIMENT 
FIG. 18 is a sectional diagram showing the 
construction of a heat transport device according to a 
thirteenth embodiment of the invention, in which elements 
identical or similar to those depicted in the foregoing 
embodiments are designated by the same reference numerals. 
The construction of this embodiment is characterized in 
that both terminal portions of a meandering pipe 17 are 
joined to each other with a Peltier element 18 placed in 
between, the Peltier element 18 serving as a driving heat 
exchanger . A 

In this embodiment, the direction of an electric 
current flowing through the Peltier element 18 is 
periodically reversed so that one end of the meandering 
pipe 17 is heated while the other end of the meandering 

* ■ 

pipe 17 is cooled, and vice versa, causing the liquid 5 in 
the meandering pipe 17 to oscillate. This means that the 
Peltier element 18 serves as a driving heat exchanger 
having the functions of both a heating unit and a cooling 

3-" 

V.. 
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unit . 

Since the gas 6 produced by the heating condenses when 
cooled as a result of the reversing of the electric 
current, a large pressure difference is produced between 
both terminal portions of the meandering pipe 17. This 
makes it possible to reduce the period of oscillation of 
the liquid 5, enabling more efficient heat transfer 
operation- 

i 

Furthermore , since the pressure difference between 

■ 

both terminal portions of the meandering pipe 17 can be 
increased as stated above, a resultant driving force 
permits satisfactory heat transfer operation even when the 

■ 

length of the meandering pipe 17 is increased or the 
liquid 5 has a large flow resistance. The meandering pipe 
17 of this embodiment as well as the one of the twelfth 
embodiment need not necessarily be constructed as 
illustrated in FIGS. 16-18 but may a two-fold container. 

FOURTEENTH EMBODIMENT 
FIG. 19 is a sectional diagram showing the 
construction of a heat transport device according to a 
fourteenth embodiment of the invention, in which elements 
identical or similar to those depicted in the foregoing 
embodiments are designated by the same reference numerals . 
The construction of this embodiment is characterized in 
that a meandering pipe 17 is structured such that heat is 
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properly transferred between adjacent portions of the wall 
of the meandering pipe 17. In the construction shown in 
FIG. 19, the adjacent portions of the wall of the 
meandering pipe 17 are in mutual' contact and joined 
together by welding, brazing or adhesive bonding. 

In one variation of the embodiment shown in FIG. 20, a 
meandering groove is formed in a flat plate and a 
meandering fluid channel 19 is fitted in the meandering 
groove, forming a single structure with the flat plate. 
Since adjacent portions of the wall of the meandering 
fluid channel 19 are joined to each other by the flat 
plate, heat is properly transferred between them. 

Alternatively, a meandering pipe 17 may be molded by a 
material having a high thermal conductivity such that 
adjacent portions of the wall of the meandering pipe 17 
are united into a single structure and heat is properly 
transferred between those portions. 

In another variation of the embodiment shown in FIGS. 
21A-21B, a meandering fluid channel 19 is formed by making 
contiguous inner walls in a container. Since adjacent 
portions of the meandering fluid channel 19 are separated 
by the contiguous inner walls but formed in a single 
structure, heat is properly transferred between those 
portions . 

The aforementioned constructions of this embodiment 
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provide an improved efficiency of heat exchange between a 
thermal-receiver- type heat exchanger 2 and a thermal- 
radiator- type heat exchanger 3 as heat is not only 
transported by oscillation of the liquid 5 but dissipated 
between the adjacent portions of the meandering pipe 17 or 
of the meandering fluid channel 19 . 

The variations of the embodiment shown in FIGS. 20 and 
21A-21B provide flat-shaped heat transport devices which 
can be easily bent or otherwise deformed. If there is an 
obstacle in a heat radiating area where the thermal - 
radiator- type heat exchanger 3 should be situated, the 
heat transport device may be formed in an odd shape as 
illustrated in FIG. 22, for example. In this variation of 
the embodiment, the thermal-radiator- type heat exchanger 3 
is formed of multiple fins 20 attached to radiating 
portions of a meandering fluid channel 19 to effectively 
use their two opposite surfaces. 

FIFTEENTH EMBODIMENT 

FIGS. 23A-23B, 24A-24B are sectional diagrams showing 

the construction of a heat transport device according to a 

i 

fifteenth embodiment of the invention and a variation 
thereof, in which elements identical or similar to those 
depicted in the foregoing embodiments are designated by 
the same reference numerals. The heat transport device of 
this embodiment has a meandering fluid channel 19 similar 



to that of the fourteenth embodiment, but there are formed 
bypass holes 21 in inner walls separating adjacent 
portions of the meandering fluid channel 19. 

Since the liquid 5 is allowed to pass from one side of 
the inner wall to the other through the bypass holes 21 in 
this construction, the embodiment makes it possible to 
dissipate heat more positively. 

SIXTEENTH EMBODIMENT 

FIG. 25 is a sectional diagram showing the 
construction of a heat transport device according to a 
sixteenth embodiment of the invention, and FIG. 26 is a 
diagram showing a heat control method of the heat 
transport device of FIG. 25. In these Figures, elements 
identical or similar to those depicted in the foregoing . 
embodiments are designated by the same reference numerals 
and their description is omitted here. While the heat 
transport device of each of the foregoing embodiments has 
the single container 1 on which the thermal-receiver- type 
heat exchangers 2 and the thermal-radiator- type heat 
exchangers 3 are provided in direct contact, multiple 
containers (1 and 100 in the example of FIG. 25), each 
having a structure similar to the container 1 of the 
foregoing embodiments , are provided adjacent to each other 
in this embodiment. 

As shown in FIG. 25, the heat transport device of the 



sixteenth embodiment includes a first heat transport 
device 101 and a second heat transport device 102. The 
first heat transport device 101 is provided with liquid 
^reservoirs la, lb at both ends of the container 1 while 
the second heat transport device 102 is provided with 
liquid reservoirs 100a, 100b at both ends of the container 
100. 

Operation of the heat transport device of the 
sixteenth embodiment constructed as shown in FIG. 25 is 
now described referring also to FIG. 2 6 which shows an 
example of an ON/OFF switching pattern of individual 
driving heat exchangers 4 of the first and second heat 

> 

transport devices 101, 102. As can been seen from ON/ OFF 
timings of the individual driving heat exchangers 4 shown 
in FIG. 26, the driving heat exchangers 4 provided on the 
liquid reservoirs la, lb of the first heat transport 
device 101 and the driving heat exchangers 4 provided on 
the liquid reservoirs 100a, 100b of the second heat 
transport device 102 are turned on and off at the same 
intervals (or period) but with a time delay equal to a 
half -cycle duration. It is to be pointed out that the 
time delay in ON/OFF timing need not necessarily be equal 
to the half-cycle duration for implementing the invention 
but may be set to other duration. 

Since the flow direction of the liquid 5 is reversed 
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the moment that the ON/OFF status of the driving heat 
exchangers 4 of the first heat transport device 101 is 
switched, the liquid flow velocity temporarily decreases 
and, in certain cases, the liquid 5 may be caused to stop 
flowing in the container 1. Should this situation take 
place, the amount of heat transported from thermal- 
receiver-type heat exchangers 2 to the liquid 5 in the 
container 1 decreases and, as a consequence, the 
temperature of the thermal-receiver- type heat exchangers 2 
of the first heat transport device 101 tends to increase. 
Since the driving heat exchangers 4 of the second heat 
transport device 102 are not switched at the same timing, 
however, the liquid flow velocity in the container 100 of 
the second heat transport device 102 remains unchanged. 
Thus, a particular amount of heat is transported from the 
thermal-receiver- type heat exchangers 2 to the liquid 5 in 
the container 100 of the second heat transport device 102, 
and this helps prevent temperature increase of the 
thermal-receiver- type heat exchangers 2. 

Likewise, the flow direction of the liquid 5 is 
reversed the moment that the ON /OFF status of the driving 
heat exchangers 4 of the second heat transport device 102 
is switched, so that the liquid flow velocity temporarily 
decreases and, in certain cases, the liquid 5 may be 
caused to stop flowing in the container 1, Should this 



situation take place, the amount of heat transported from 

4 . 

the thermal -receiver- type heat exchangers 2 to the liquid. 
5 in the container 100 decreases and, as a consequence, 
the temperature of the thermal-receiver- type heat 
exchangers 2 of the second heat transport device 102 tends 
to increase. Since the driving heat exchangers 4 of the 
first heat transport device 101 are not switched at the 
same timing, however, the liquid flow velocity in the 
container 1 of the first heat transport device 101 remains 
unchanged. Thus, a particular amount of heat is 
transported from the thermal-receiver- type heat exchangers 
2 to the liquid 5 in the container 1 of the first heat 
transport device 101, and this helps prevent temperature 
increase of the thermal-receiver- type heat exchangers 2. 

The heat transport device of the sixteenth embodiment 
constructed as described above produces the same 
advantageous effect as the foregoing embodiments. 
Furthermore, the amount of heat transported from the. 
thermal -receiver- type heat exchangers 2 to thermal- 
radiator-type heat exchangers 3 is doubled because the two 
heat transport devices 101, 102 are simultaneously run. 
Moreover, since the driving heat exchangers 4^ of the first 
heat transport device 101 and those of the second heat 
transport device 102 are switched with a specific time 
delay, temperature fluctuation of the thermal-receiver- 



I 



type heat exchangers 2 can be reduced. 

While the foregoing discussion of the sixteenth 
embodiment has not dealt with operation for controlling 
cooling units 40 provided on the liquid reservoirs la, lb, 
100a # 100b, the cooling units 40 may be turned on and off 
alternately with the corresponding driving heat exchangers 
4. If the driving heat exchangers 4 and the cooling units 
40 are switched in this fashion, the aforementioned 
temporary drop in the liquid flow velocity is further 
decreased and temperature fluctuation of the thermal- 
receiver- type heat exchangers 2 is further reduced. 

Although the two heat transport devices 101, 102 are 
combined in the sixteenth embodiment described above, the 
invention is not limited to this configuration but can be 
implemented by combining three or more heat transport 
devices. What is essential in this embodiment is that the 
driving heat exchangers 4 of the individual heat transport 
devices should be controlled with different ON/OFF 
timings. 

SEVENTEENTH EMBODIMENT 
FIG. 27A is a sectional plan view showing the 
construction of a heat transport device according to a 
seventeenth embodiment of the invention and FIG . '27B is a 
horizontal sectional view taken along lines C-C of FIG. 
27A. In these Figures, elements identical or similar to 
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those depicted in the foregoing embodiments are designated 
by the same reference numerals. The construction of this 
embodiment is characterized in that multiple layers of 
meandering fluid channels 19 are stacked one on top of 

another in a manner that the flow direction of the liquid 

/ 

5 in one layer is the same as, opposite to, or 
perpendicular to the flow direction of the liquid 5 in 
another layer . 

This embodiment helps achieve a higher heat transfer 
efficiency as heat is dissipated in two- or three- 
dimensional fashion . 

Specific examples employing the construction of the 
seventeenth embodiment are described below. 

FIGS. 28A-28B are sectional diagrams showing an 
semiconductor apparatus employing the heat transport 
device according to the seventeenth embodiment of the 
invention for cooling semiconductor devices, and FIGS. 
29A-29B are diagrams showing the construction of the 
semiconductor device used in the semiconductor apparatus 
of FIGS. 28A-28B. 

\ 

As/ shown in FIGS. 29A-29B, the semiconductor device i 
a chip 61 formed of a semiconductor material, e.g., 
gallium nitride (GaN), measuring 2 mm wide, 3 mm long and 
2 mm high, for example. A heat -generating element 62 is 
incorporated in the chip 61 and a microchannel block 60 
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formed at a lower part of the chip 61 has a number of 
grooves each measuring 100 ^m wide and 300 jum deep. The 
microchannel block 60. of this example corresponds to the 
aforementioned thermal-receiver- type heat exchanger 2. / 

MicroChannel blocks 60 of a plurality of such chips 61 
are mounted along a fluid channel 63 which is a groove 

* I-. 

i 

measuring approximately 1 mm wide and 1 mm deep formed in 
a chip-carrying substrate 64 made of silicon carbide 
(SiC), for example. The chip-carrying substrate 64 having 
the fluid channel 63 corresponds to the aforementioned 
container 1. As shown in FIG. 28A, the chips 61 are 
provided at locations A and B where bypass holes are 
formed depending on the flow direction of the liquid 5 

< 

through the fluid channel 63. 

Liquid reservoirs 67a , 67b measuring 1 mm deep are 
provided at both ends of the fluid channel 63. The chip- 
carrying substrate 64 is soldered to the top of a board 65 
made of copper- tungsten (CuW), for instance. There is 
formed a cooling water channel 66 inside the board 65 and 
this cooling water channel 66 corresponds to the 
aforementioned thermal-radiator- type heat exchanger 3. 

Cooling water is fed from an external water pump (not 
shown) into the cooling water channel 66. The chip- 
carrying substrate 64 is provided with a cover 64a made of 
a ceramic or other dielectric sheet. Driving heat 

• r 
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exchangers 68a , 68b formed of stainless steel foil, 
tungsten foil or Nichrome (nickels chromium) foil, for 
instance, are joined to the liquid reservoirs 67a, 67b, 
respectively. There is provided a controller 6 9 on the 
board 65 for controllably turning on and off the driving 
heat exchangers 68a, 68b. Connected to the liquid 
reservoirs 67a, 67b and the driving heat exchangers 68a, 
68b by lines 70, the controller 69 measures the 
temperatures of the individual liquid reservoirs 67a, 67b 
and, based on temperature measurement values obtained, 
outputs electrical signals to the individual driving heat 
exchangers 68a, 68b for controlling their ON/OFF statuses. 

In the heat transport device of the seventeenth 
embodiment thus constructed, the individual driving heat 
exchangers 68a, 68b are turned on and off by the 
controller 69 according to the temperatures of the liquid 
reservoirs 67a, 67b. As a result, oscillating liquid 
flows are produced in the fluid channel 63, whereby heat 
is transferred from the microchannel block 60 at the lower 
part of the heat-generating element 62 of each chip 61 to 
the liquid 5 in a manner similar to the foregoing 
embodiments. 

Unlike the foregoing embodiments, the seventeenth 
embodiment shown in FIGS. 28A-28B has the cooling water 
channel 66 inside. the board 65 which is joined to the 
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bottom of the chip-carrying substrate 64 as a thermal- 
radiator- type heat exchanger. Thus, heat generated by the 
heat-generating element 62 in each chip 61 is transferred 
from the microchannel block 60 to the liquid 5 in the 
fluid channel 63 and to the cooling water channel 66 in 
the board 65, and finally conveyed to the exterior of the 

r 

semiconductor apparatus. 

If the water in the cooling water channel 66 were 
directly passed through the microchannel block 60, foreign 
matter in the cooling water channel 66 might clog in the 
microchannel block 60 as its grooves are only 100 fiin wide. 
The heat transport device of this embodiment is protected 
against such a clogging problem, however, because the 
liquid 5 flowing through the microchannel block 60 is 
sealed in the fluid channel 63 which is kept clean and 
free of any foreign matter. 

It might' be possible to employ a conventionally known 

i ■ 

mechanical micropump using vibration of a diaphragm which 

i 

can be incorporated in a chip-carrying substrate in 
applications like the aforementioned semiconductor 
apparatus. The semiconductor apparatus of the seventeenth 
embodiment employs the heat transport device which 
performs heat exchange by oscillation of the liquid 5 
produced by other than a mechanical pump. A remarkable 
advantage of the embodiment is that heat can be 



transported with high reliability without the use of any 
mechanical driver. 

EIGHTEENTH EMBODIMENT 
FIG. 30 is a sectional diagram showing the 
construction of a heat transport device according to an 
eighteenth embodiment of the invention, and FIGS. 31A-31C 
are enlarged fragmentary sectional views of the heat 
transport device of FIG. 30. Referring. to FIG. 30, a 

■ 

container 103 is produced by molding a resin, for example. 
Liquid reservoirs la, lb provided at both ends of the 
container 103 are also resin-molded parts. As shown in 
FIG. 31B, a portion of the container 103 located beneath a 
thermal-receiver- type heat exchanger 2 forms a microfin 
structure 83, of which individual fins measure 1 mm or 
less in both width and depth, to improve the performance 
of heat transfer between the wall of the container 103 and 
the liquid 5 ; 

A portion of the container 103 at the middle of its 
length has two parallel fluid channels formed in a 
flexible tube as shown in FIG. 31A. The container 103 is 

: 

bendable at this flexible tube portion. 

The heat transport device of the eighteenth embodiment 
thus constructed operates in a manner similar to the 
foregoing embodiments, so that its operation is not 
discussed in detail here. Since the container 103 of this 
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embodiment is formed into a parallel channel tube at the 
middle of its length, the container 103 has a large flow 
passage area. This confers an advantage that liquid flow 
resistance is reduced and the amount of heat transported 
from the thermal-receiver- type heat exchanger 2 to a 
thermal-radiator- type heat exchanger 3 is increased. 

A further advantage of the eighteenth embodiment is 

i 

that it makes it possible to incorporate a heat transport 
device in a mobile telephone, for instance, which can be 

V 

folded by a hinge joining its main body and lid. As an 
example, the liquid reservoir la and the liquid reservoir 
lb of the heat transport device can be conveniently built 
in the main body and lid of the mobile telephone, 
respectively, with the flexible tube portion positioned at 
the hinge. The heat transport device of the embodiment 
can also be used in other electronic appliances having a 
hinge . 

NINETEENTH EMBODIMENT 

► 

FIG. 32 is a perspective diagram showing the 
construction of an artificial satellite 111 equipped with - 
a phased array antenna 112 incorporating a heat transport 
device according to a nineteenth embodiment of the 
invention for cooling semiconductor devices 113, and FIGS. 
33A-33B are sectional diagrams showing the internal 
construction of the phased array antenna 112 of FIG. 32. 
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Shown in these Figures is an example in which the heat 
transport device is applied to the artificial satellite 
111 which is an extra-atmospheric mobile unit. The phased 
array antenna 112 is mounted on a surface of the 
artificial satellite 111. 

As shown in cross sections of FIGS. 33A-33B, the 
semiconductor devices 113 for transmitting and receiving 
radio waves are installed inside the phased array antenna 
112. A container 104 of the heat transport device 
measuring 3 mm in external diameter is installed adjacent 
to the semiconductor devices 113. An evaporator 114 
structured in the form of a loop-type heat pipe which 
serves as a thermal-radiator- type heat exchanger is 
attached to a middle portion of the container 104. Also, 

i 

liquid reservoirs la, lb fitted with respective driving 
heat exchangers 4 are provided at both ends of the 
container 104. 

The evaporator 114 structured as the loop-type heat 
pipe is connected to a piping 116 which is formed of a 
liquid pipe and a vapor pipe connected to an expansible 
radiator 115 as shown in FIG.. 32. As the two driving heat 
exchangers 4 at the liquid reservoirs la, lb are 
alternately turned on and off, heat generated by the 

< 

semiconductor devices (heat sources) 113 ( is transferred to 
the liquid 5 in the container 104 by oscillating liquid 
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flows produced therein in a manner similar to the 
foregoing embodiments. In the nineteenth embodiment, heat 
transferred to the liquid 5 in the container 104 is 
carried to the loop-type heat pipe evaporator 114, 
conveyed to the expansible radiator 115 through the piping 
116 due to the operation of the loop-type heat pipe 
(evaporator 114), and eventually dissipated into the outer 
space. 

In a case where the container 104 is as narrow as 3 mm 
in external diameter as stated above, there is an 
advantage that it can be used for cooling the 
semiconductor devices 113 disposed in such a limited space 
as the interior of the phased array antenna 112. Another 
advantage of the present embodiment is that the provision 
of the expansible radiator 115 and the loop-type heat pipe 
(evaporator 114) which are joined together makes it 
possible to cool such critical elements as the 
semiconductor devices 113 even under zero-gravity 
conditions in the outer space. 

When the heat transport device is used in an extra- 
atmospheric environment, it is preferable that the 
container 10 4 be made of aluminum and, the liquid 5 sealed 
in the container 104 be ammonia. 

While heat transport devices of the foregoing 
embodiments are provided with, or not provided with, the 
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liquid reservoirs la, lb (67a, 67b, 100a, 100b), it is 
possible to determine whether to provide such liquid 
reservoirs depending on the site of use and required 
cooling efficiency, for instance. Heating units and 
cooling units (driving heat exchangers) may also be 

provided, or not provided, depending on specific 

i 

requirements . 
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